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

&RUUHVSRQGLQJDXWKRU7HOID[
(PDLODGGUHVV]DDVDNXUD#IHQJXQLPDVP\
© 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of organizing committee of the 2015 IEEE International Symposium on Robotics and Intelligent 
Sensors (IRIS 2015)
507 Ana Sakura Zainal Abidin et al. /  Procedia Computer Science  76 ( 2015 )  506 – 511 
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5RXWLQH SLSHOLQH FOHDQLQJ FDQ EH FRQVLGHUHG DV SUHYHQWLYH PDLQWHQDQFH ZKLFK LV WR HQVXUH VPRRWK SLSHOLQH RSHUDWLRQ DW
RSWLPXPOHYHODQGDOVRWRSUHYHQWEORFNDJHE\UHPRYLQJFORJ7KHUHDUHDQXPEHURIPHWKRGVEHLQJXVHGWRFOHDQWKHSLSHOLQHV
DVVXPPDUL]HGLQ7DEOH7UDGLWLRQDOPHWKRGXVHVERLOLQJZDWHUSLFNLQJDOFRKRODQGVDOWDQGVLPSOHFOHDQLQJNLWVVXFKDVZLUH
DQGSOXQJH6RPHFKHPLFDOVDOVRFDQEHXVHGOLNH&DOFLXP&DUELGH&D&DQGDOVRFKHPLFDOVIURPWKHDFLGJURXS+RZHYHUQRW
DOOW\SHVRISLSHOLQHDUHVXLWDEOHZLWKWKHFKHPLFDOXVDJHDVWKHFKHPLFDOZLOOSUREDEO\HURGHWKHSLSHOLQH0RUHDGYDQFHGPHWKRG
XVHVSHFLDOGHYLFHVQDPHO\+\GUR-HWWLQJ3RZHU5RGGLQJDQGGUDLQVQDNH7KHFOHDQLQJKHDGDWWKHHQGRIWKHOLQHLQWHJUDWHV
SUHFLVLRQQR]]OHVWKDWGLVFKDUJHKLJKSUHVVXUHRIZDWHUDWDSSUR[LPDWHO\SVL>@7KHEODVWRIZDWHULQVWDQWO\WXUQVVOXGJH
DQGFORJVWRDVHPLVROLGVWDWHDQGIOXVKHVLWDZD\LQWRWKHVHZHU0HDQZKLOHWKHVQDNHLVXVHGWRGULOODKROHLQWKHFORJRUSXVK
WKHFORJVGRZQ WKHQZDWHU IORZPD\ UHVXPH7KRVHPHWKRGVZRUNEHVW LI WKHEORFNDJHKDSSHQHG WREHQHDUE\SLSH ILWWLQJ RU
PDQKROHDVLWKDVWREHKDQGOHGPDQXDOO\E\RSHUDWRUV+RZHYHUWKHPHWKRGVDUHQRWVXLWDEOHIRULQGXVWULHVGXHWRVDIHW\LVVXHV
DQGLWVLQHIILFLHQF\DVVRPHWLPHVWKHFOHDQLQJSURFHVVLWVHOIFDQGDPDJHWKHSLSHOLQH,QDGGLWLRQWKHGUDLQVQDNHLVRQO\VXLWDEOH
IRUVPDOOGLDPHWHUSLSHOLQHXVHLQKRXVHEXWQRWIRUWKHLQGXVWULDODSSOLFDWLRQDVWKHVQDNHKHDGLVVKRUWWKDWFRQVHTXHQWO\OLPLWV
LWVFOHDQLQJUDGLXV7KHUHIRUHWKHUHLVDVWURQJQHHGIRUWKHWHFKQRORJ\WRDVVLVWWKHSLSHOLQHRSHUDWLRQ>@
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GRPHVWLFDSSOLFDWLRQ>@%DVLFDOO\WKHUHDUHWZRFDWHJRULHVRIFORJVZKLFKDUHVRIWFORJDQGKDUGFORJ6RIWFORJLVGXHWRRLO
DQGIRRGZDVWH0HDQZKLOHKDUGFORJLVGXHWRWRXJKREVWDFOHVWKDWFDQEHIURPFRPSRVLWLRQRIPLQHUDORULQFXUVLRQRIWUHHURRWV
LQWRWKHSLSHOLQH7KLVUHVHDUFKZLOOIRFXVRQFOHDQLQJRIWKHVRIWFORJ
,QIRUPDWLRQ*DWKHULQJ
0RVWRI WKH UHODWHG LQIRUPDWLRQ WR WKLV UHVHDUFK LVJDWKHUHG IURP MRXUQDOV FRQIHUHQFHSURFHHGLQJVDQGFRPSDQ\ZHEVLWHV
3UHYLRXVUHVHDUFKHVWKDWDUHUHODWHGWRWKLVWRSLFDUHUHYLHZHG7KHLQIRUPDWLRQDUHXVHGWRJHWDQRYHUYLHZRIWKHWRSLFVRWKDWWKH
DFWXDOSUREOHPFDQEHGHILQHGVRPHLGHDVDQGFRQFHSWVIURPSULRUZRUNVDUHDOVRFRPSDUHG
7DEOH6XPPDU\RIFRPSDULVRQEHWZHHQFOHDQLQJGHYLFHV
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&RQFHSWJHQHUDWLRQ
&RQFHSW GHYHORSPHQW IRU WKH FOHDQLQJ GHYLFH LV EDVHG RQ WKH IXQFWLRQV QHHGHG ,Q RUGHU WR FODULI\ WKH FOHDQLQJ GHYLFH
IXQFWLRQVWKHUHDUHVHYHUDOPHWKRGVWKDWFDQEHXVHG'XULQJEUDLQVWRUPLQJVHVVLRQV WKHPDLQDFWLYLWLHVRIWKHFOHDQLQJGHYLFH
KDYHEHHQLGHQWLILHGDQGVXPPDUL]HGLQ7DEOH6RPHLPSRUWDQWIXQFWLRQVKDYHEHHQLGHQWLILHGIURPWKHDFWLYLWLHVWKDWQHHGWR
EHFRQGXFWHGE\WKHSURGXFW$VDQH[DPSOH7DEOHVWDWHGWKDWWKHEDWWHU\QHHGVWRUHFKDUJHEHIRUHXVHDQGFDQEHFRQVLGHUHG
DV D IUHTXHQW QHHG7KHEDWWHU\ LV WKH KHDYLHVW SDUW DQGPXVW EH KHOGE\ D VWDEOHRU D VWURQJ VWUXFWXUH SODFHG LQ WKH KRXVLQJ
7KHUHIRUHLWLVLPSRUWDQWWRKLJKOLJKWWKHQHHGVIRUKRXVLQJWKDWFDQEHDVVHPEOHGGLVDVVHPEOHGRUPD\EHMXVWDVPDOODFFHVVWR
WKHPDLQKRXVLQJDVDQHQWUDQFHIRUWKHEDWWHU\FKDUJHU7KLVSRLQWVKRXOGEHFRQVLGHUHGIURPWKHEHJLQQLQJRIWKHGHVLJQSURFHVV
LQRUGHUWRDYRLGPDMRUFKDQJHVEHIRUHLWUHDFKHVWRWKHSURGXFWLRQVWDJH
%DVHGRQWKHFOHDQLQJDFWLYLWLHVLQ7DEOHWKHUHDUHDQXPEHURILPSRUWDQWIXQFWLRQVWKDWKDYHEHHQLGHQWLILHG7KHIXQFWLRQV
DUHVXPPDULVHGLQ7DEOH7KHQWKHVSHFLILHGIXQFWLRQVRIWKHSURGXFWFDQEHXVHGWRJHQHUDWHFRQFHSWGHVLJQ7KLVUHVHDUFK
HPSKDVL]HVRQWKHGHYHORSPHQWRIFOHDQLQJGHYLFHWREHXVHGLQLQSLSHURERWDSSOLFDWLRQ6DPHFRQFHSWRIJUDVVEUXVKFXWWHUKDV
EHHQFRQVLGHUHG)OH[LEOHFDEOHQ\ORQWKDWURWDWHVDWKLJKVSHHGFDQEHXVHGWRFUHDWHVLPLODUFXWWLQJHIIHFWWKDWFDQEHXVHGWR
 $GYDQWDJH 'LVDGYDQWDJH
3RZHUURGGLQJ 6KDUSUD]RUFXWWLQJVEODGHVSRZHUHGE\KLJK
VSHHGPRWRUSHUIRUPDQHIILFLHQWFOHDQLQJ
$EOHWRFOHDQVRIWDQGKDUGFORJV
+LJKURWDWLRQRIVKDUSEODGHWHQGVWRGDPDJHSLSHZDOO
/HQJWKRIGHYLFHLVOLPLWHGWRIHZPHWHUVRQO\
+LJKPDLQWHQDQFHFRVW
+\GURMHWWLQJ +LJKSUHVVXUHZDWHUFDQEHFRQVLGHUHGDVVDIHUWR
SLSHZDOO
/RZFRVW
$EOHWRFOHDQVRIWFORJVRQO\1HHGWREHFRQQHFWHG
ZLWKZDWHUVXSSO\WKXVOLPLWHGWRIHZPHWHUV
3LSHFUDZOHU
URERW
$GYDQFHGWHFKQRORJ\LQQDYLJDWLRQDQGWUDFLQJ
%HVLGHVFOHDQLQJLWLVDOVRDEOHWRKDQGOHPRUH
FRPSOLFDWHGRSHUDWLRQV
&RPSOH[LQDVVHPEO\DQGPDQXIDFWXULQJ
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FOHDQWKHLQQHUSLSHOLQH5RXJKLGHDRIWKHFRQFHSWVDUHWKHQPDWFKHGWRWKHDSSURSULDWHFRPSRQHQWVDVEDVHGRQLWVIXQFWLRQDQG
VKRZQ LQ WKH ULJKW FROXPQ RI 7DEOH  6RPH DOWHUQDWLYHV DUH WKHQ GHYHORSHG EDVHG RQ WKH FOHDQLQJ GHYLFH IXQFWLRQV 7KH
DOWHUQDWLYHV DUH VXPPDULVHG LQPRUSKRORJLFDO FKDUW DV VKRZQ LQ7DEOH %DVLFDOO\ LW LV JRRG WR KDYHPRUH DOWHUQDWLYHV WKDW
SURYLGHPRUHRSWLRQVWRFRQVLGHU
7DEOH/LVWRIWKHPDLQDFWLYLWLHVRIWKHFOHDQLQJGHYLFH
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$QDO\VLV
6LJQLILFDQWDQDO\VHVKDYHEHHQSHUIRUPHGWRDVVHVVZKHWKHUWKHGHYHORSPHQWRIWKHLQWHQGHGSURGXFW¶VSHUIRUPDQFH LVDEOHWR
PHHW WKH QHHGHG IXQFWLRQV (YHQ WKRXJK WKLV SURFHVV ZLOO WDNH VRPH WLPH LW LV VDIHU DQG DEOH WRPLQLPL]H IDLOXUH WKDW ZLOO
FRQVHTXHQWO\PLQLPL]HWKHSURGXFW¶VGHYHORSPHQWWLPHDQGFRVW
 7DEOH/LVWRIDOWHUQDWLYHVIRUVXEIXQFWLRQVRIFOHDQLQJGHYLFH
6XE)XQFWLRQ $OWHUQDWLYH    
7RFOHDQ 1\ORQ&DEOH 6SRQJH %UXVK 5XEEHU )DEULF
7RURWDWH 6HUYR0RWRU 'F%UXVK0RWRU 'F*HDUHG0RWRU 6WHSSHU0RWRU 
7RFRQWURO $UGXLQR8QR $UGXLQR8QR%OXHWRRWK 5HPRWHFRQWURO  
7RGHWHFW ,QIUD5HG 7RXFK /DVHU5DQJH 8OWUDVRQLF 
7RPLQLPL]H
IULFWLRQ 1HHGOHEHDULQJ %DOO%HDULQJ
6WUDLJKWUROOHU
EHDULQJ  
7RSRZHU &HOO%DWWHULHV /LWKLXP,RQ%DWWHU\
/HDG$FLG
%DWWHULHV  
7RSURWHFW :RRG $OXPLQLXP $%6 6WHHO 39&

,Q RUGHU WR FKRRVH WKH EHVW GHVLJQ FRQFHSW LW LV LPSRUWDQW WRPDNH D FRUUHFW GHFLVLRQ:HLJKWHG UDWLQJ PHWKRG RIIHUV DQ
REMHFWLYHDQGDFFXUDWHHYDOXDWLRQPHWKRG WKDWKDVEHHQDSSOLHGLQWKLVUHVHDUFK$QDSSURSULDWHZHLJKWDJHLVJLYHQWRWKHVXE
IXQFWLRQRIWKHFRQFHSW0RUHZHLJKWDJHLVJLYHQIRULPSRUWDQWVXEIXQFWLRQWKDWZLOOGHWHUPLQHSHUIRUPDQFHRIWKHGHVLJQDWHG
SURGXFW5DWLQJWRLVJLYHQIRUXQVDWLVIDFWRU\SHUIRUPDQFHLV³´DQG³´IRUDOWHUQDWLYHWKDWPHHWWKHQHHGHGVXEIXQFWLRQ,Q
RUGHU WRFOHDQ WKHFRQFHSWGHVLJQPXVWEHDEOH WRFOHDQHIILFLHQWO\ OLJKWZHLJKWVR WKDW OHVV WRUTXHQHHGHG WRURWDWH WRXJK WR
HQVXUHLWQRWHDVLO\EUHDNGXULQJFOHDQLQJRSHUDWLRQIOH[LEOHVRWKDWLWFDQHDVLO\PDQHXYHUDQGDEOHWRFOHDQHYHQLQQDUURZJDS
DQG DOVR ORZFRVW%DVHGRQ WKH QDPHG VXEIXQFWLRQV WKDWPDQDJHG WRJHW WKH KLJKHVW VFRUHZLOO EH FRQVLGHUHG IRU D GHWDLOHG
GHVLJQ
$GHWDLOHG DQDO\VLV RQ WKHPHFKDQLFDO HOHPHQWV LV FRQGXFWHG LQ RUGHU WR VHOHFW WKH FRUUHFW HOHPHQWV 7KH DQDO\VLV FRYHUHG
EHDULQJDQGPRWRUVHOHFWLRQ)RULQVWDQFHGXULQJPRWRUVHOHFWLRQLW LV LPSRUWDQWWRNQRZWKHQHHGHGWRUTXHDQGVSHHGWRPHHW
VXIILFLHQWFOHDQLQJUHTXLUHPHQWV$VWKHFOHDQLQJGHYLFHLVGHVLJQHGIRUVHZDJHFOHDQLQJLWLVDVVXPHGWKDWWKHHQYLURQPHQWLQ
WKHSLSHOLQHLVZDWHU\DQGFRPELQHGZLWKVRPHGLVVROYHGSDUWLFOHVWKDWZLOOFUHDWHKLJKHUGUDJYDOXH7KHUHIRUHWKHPRWRUVKRXOG
SURYLGH HQRXJK WRUTXH WR URWDWH LQ WKH SLSHOLQH HQYLURQPHQW ,Q WKH PHDQWLPH WKH VSHHGPXVW EH KLJK HQRXJK WR FUHDWH WKH
FXWWLQJHIIHFWVRWKDWLWFDQUHPRYHWKHFORJV&RPSDWLELOLW\RIWKHVHOHFWHGPRWRUZLWKWKHFRQWUROOHUPXVWDOVREHFKHFNHG
$FWLYLWLHV $FWLRQ
6HWXS
$VVHPEOHWKHFOHDQLQJGHYLFH
6HWWKHLQSXWGDWD
2LOWKHEHDULQJ
6HQVRUFDOLEUDWLRQ
2SHUDWLQJ &OHDQLQJLQVLGHWKHSLSHOLQH
0DLQWHQDQFH
2LOWKHEHDULQJ
6KDIWFKHFNLQJ
5HFKDUJHEDWWHU\
5HSDLULQJ
&KDQJH7KH6KDIW
&KDQJHWKHFOHDQLQJSDUW
&RPSRQHQW )XQFWLRQ
6HQVRU 7RGHWHFWURXWHE\PHDVXULQJJDSEHWZHHQURERWWRWKHSLSHOLQHZDOO
&RQWUROOHU 7RFRQWUROWKHFOHDQLQJGHYLFHRSHUDWLRQ
3RZHU6RXUFH 7RSRZHUDOOWKHHOHFWURQLFFRPSRQHQWV
0RWRU 7RURWDWHWKHFOHDQLQJSDUW
%HDULQJ 7RWDNHSXUHUDGLDOORDGVVRWKDWWKHVKDIWFDQURWDWHZLWKPLQLPXPIULFWLRQDOIRUFH
&OHDQLQJSDUW 7RFOHDQWKHFORJVEORFNDJHLQWKHSLSHOLQH
+RXVLQJ 7RKROGEDWWHU\PRWRUEHDULQJDQGFOHDQLQJSDUW
7DEOH/LVWRIIXQFWLRQDOGHFRPSRVLWLRQRIWKHFOHDQLQJGHYLFH
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%ORFNDJH
$WWKLVVWDJHVXLWDEOHPDWHULDOKDVWREHFRQVLGHUHG7KHPDLQFRQVLGHUDWLRQIRUPDWHULDOVHOHFWLRQRIWKHFOHDQLQJGHYLFHLV
GHQVLW\ ,Q RUGHU WRPLQLPL]H WKHPRWRU EXUGHQ WKH ZHLJKW RI WKH WRWDO GHVLJQPXVW EH NHSW DV ORZ DV SRVVLEOH ,Q RUGHU WR
PLQLPL]HWKHZHLJKW WKHGHVLJQKDVWREHFRPSDFWXQQHFHVVDU\SDUWVKDVEHHQUHPRYHGDQGOLJKWZHLJKWPDWHULDOXVHG,QWKH
PHDQWLPH WKHFKRVHQPDWHULDOVKRXOGKDYHFHUWDLQ OHYHORIVWUHQJWKVR WKDW LWFDQZLWKVWDQGVWDWLFDQGG\QDPLF ORDGVDSSOLHG
$FU\ORQLWULOH%XWDGLQH6W\UHQH $%6KDVEHHQFKRVHQGXH WR LWV¶ KDUGQHVV WRXJKQHVVDQGHOHFWULFDO LQVXODWLRQSURSHUWLHV ,Q
DGGLWLRQ $%6 KDV FKDUDFWHULVWLF ZLWKLQ WHPSHUDWXUH UDQJH IURP  WR &7KLV$%6 YHU\ XVHIXO EHFDXVH LW LV UHVLVWDQW WR
DTXHRXVDFLGV DONDOLV DOFRKRO DQLPDOYHJHWDEOHDQGPLQHUDORLO >@$%6FDQEH UHF\FOHGDOWKRXJK LW LVQRWDFFHSWHGE\DOO
UHF\FOLQJIDFLOLWLHV>@
'HVLJQIRUPDQXIDFWXULQJ')0LVYHU\FULWLFDOIRUVSHFLDOSXUSRVHSDUWVEHFDXVHLWZLOOGHWHUPLQH SUHFLVLRQRIWKHRXWSXW
WKXVLQIOXHQFHWKHDVVHPEO\SURFHVVODWHU)RUPRUHDFFXUDWHDQGJRRGILQLVKLQJWKH83'SULQWHUZLOOEHXVHG$VPHQWLRQHGLQ
VHFWLRQWKHKRXVLQJGHVLJQKDVEHHQGLYLGHGLQWRDQXPEHURIVHFWLRQWKDWFDQEHDVVHPEOHGGLVDVVHPEOHGIRUPDLQWHQDQFH
DQGVHUYLFLQJSURFHVV7KHFOHDQLQJGHYLFHKDVWREHZDWHUSURRIVXFKWKDWWKHDVVHPEO\KDVWREHNHSWWLJKWO\ WRDYRLGHOHFWULF
VKRFNGXULQJRSHUDWLRQ
'HWDLOGHVLJQ
$IWHU FDUHIXO VHOHFWLRQ SURFHVV GHWDLOHG DQDO\VLV ZDWFKIXO DUUDQJHPHQW RI HOHPHQWV ZLWKLQ OLPLWHG VSDFH WKRURXJK
FRQVLGHUDWLRQ RI DVVHPEO\ DQGPDQXIDFWXULQJ SURFHVVHV WKHQ ILQDOO\ GHWDLO GHVLJQ LV SURGXFHG %DVHG RQ WKH FRPSXWHU DLGHG
GHVLJQ&$'GUDZLQJWKHVSHFLDOSXUSRVHSDUWVDUHSULQWHGDQGDVVHPEOHG
6RIWZDUHGHYHORSPHQW
6RIWZDUHKDVEHHQGHYHORSHGEDVHGRQ WKH IORZRI FOHDQLQJRSHUDWLRQSHUIRUPHGE\ WKHGHYLFH)ORZFKDUW IRU WKH FOHDQLQJ
RSHUDWLRQLVVKRZQLQ)LJDQGGHWDLOVRIFRGLQJRI$GUXLQR812DUHVKRZQLQ)LJ7KHSURJUDPPLQJDWWDFKHGLVVSHFLILFDOO\
IRUFOHDQLQJRSHUDWLRQRQO\DQGLVQRWIRUWKHZKROHURERWRSHUDWLRQ7KHFOHDQLQJRSHUDWLRQVVWDUWZKHQWKHGLVWDQFHGHWHFWHGE\
VHQVRULVOHVVWKDQPP:KHQWKHUHLVDQDVVXPHGFORJWKDWQDUURZLQJWKHSLSHGLDPHWHUPRWRUDQGZLOOUHGXFHVSHHG
6LPXOWDQHRXVO\PRWRUZLOO VWDUW WKH FOHDQLQJSURFHVV7KHSURFHVVZLOO FRQWLQXH XQWLO WKH VHQVRUGHWHFWV WKHGLVWDQFH WKDW LV
JUHDWHUWKDQPP&RQVHTXHQWO\PRWRUVZLWFKHVRIIDQGPRWRUDQGZLOOLQFUHDVHWKHVSHHGDQGWKHURERWZLOOVSHHGXS
7KHDGGLWLRQDODUURZGHILQHVWKHFRGLQJEDVHGRIWKHIORZFKDUW
9DOLGDWLRQ
,QRUGHUWRYDOLGDWHWKHGHVLJQDQH[SHULPHQWKDVEHHQGHVLJQHG7KHDLPRIWKLVH[SHULPHQWLVWRYDOLGDWHWKHIXQFWLRQDOLW\RI
WKHGHVLJQHGVRIWZDUHDQGKDUGZDUHRIFOHDQLQJGHYLFHIRULQSLSHURERW7KUHHPHWHUOHQJWKRI839&LVXVHGLQWKLVH[SHULPHQW
:HWDQGVKUHGGHG WLVVXHVDUHPHDVXUHGDQG WKHQJOXHG WR WKH LQQHUVLGHRI WKHSLSH:KHQWKHJOXH LVGULHG WKHURERWZLOOEH
LQVHUWHG7KHPRYHPHQWRIWKHURERWLVREVHUYHGDQGURWDWLRQRIWKHQ\ORQFDEOHVDUHPHDVXUHGXQWLOWKHURERWUHDFKHGWKHHQG
SLSH 7KH GHWDFKHG WLVVXHV IURP WKH SLSH ZDOO DUH PHDVXUHG DJDLQ DQG FRPSDUHG ZLWK WKH LQLWLDO ZHLJKW 7KH GLIIHUHQFHV
GHWHUPLQH WKHHIILFLHQF\RI WKHURERWSHUIRUPDQFH7KHH[SHULPHQW LV WKHQ UHSHDWHGIRURWKHUPDWHULDOV WKDW UHSUHVHQWGLIIHUHQW
FORJVEHKDYLRU6FKHPDWLFGLDJUDPRIWKHH[SHULPHQWLVVKRZQLQ)LJ
7DEOHUHVXOWVRIH[SHULPHQW







)LJVFKHPDWLFGLDJUDPRIH[SHULPHQWOD\RXW
5HVXOWVDQG'LVFXVVLRQ
)LQDOO\ WKHGHYLFH WKDWKDVEHHQVXFFHVVIXOO\ IDEULFDWHG LVVKRZQLQ)LJ7KHFOHDQLQJGHYLFH LVHTXLSSHGZLWKXOWUDVRQLF
VHQVRUWKDWLVDEOHWRGHWHFWWKHGLDPHWHUGLIIHUHQFH,IWKHGLDPHWHUGHWHFWHGLVVPDOOHUWKDQWKHVSHFLILHGGLPHQVLRQWKHGHYLFH
ZLOOEHGHILQHGDVDEORFNDJH7KHUHIRUH WKHGHYLFHZLOO VWDUW URWDWLQJXQWLO LWPHHWV WKHGHVLUHGGLPHQVLRQ ,I WKHGLDPHWHU LV
HTXDOWRRUELJJHUWKDQWKHVSHFLILHGGLPHQVLRQWKHGHYLFHZLOOQRWURWDWH2EVHUYDWLRQGXULQJH[SHULPHQWKDVVKRZQWKHVHQVRU
SURJUDPPHGLVDEOHWRGHWHFWWKHGLDPHWHUYDULDQFH7KHUHIRUHWKHFOHDQLQJGHYLFHLVDEOHWRRSHUDWHDXWRPDWLFDOO\ZKHQQHHGHG
7DEOHVKRZVWKHHIILFLHQF\RIWKHFOHDQLQJGHYLFHRSHUDWLRQ7KHUHZHUHWKUHHW\SHVRIPDWHULDOVWKDWKDYHEHHQXVHGLQWKLV
H[SHULPHQW(DFKRIWKHPDWHULDOUHSUHVHQWVGLIIHUHQWOHYHOVRIEORFNDJHQDPHO\WLVVXHIRUVRIWERQGLQJFORJSDSHUIRUPRGHUDWH
0DWHULDO 6SHHG530 :HLJKWEHIRUHJP :HLJKWDIWHUJP (IILFLHQF\
7LVVXH
   
   
   
3DSHU
   
   
   
3ODVWLFLQH
   
   
   
&OHDQLQJ
'HYLFH
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ERQGLQJDQGSODVWLFLQHIRUVWXEERUQFORJ/LNHO\ WKHGHYLFHKDVSHUIRUPHGZHOOIRUWKHVRIWDQGPRGHUDWHFORJZKLFK LVDERYH
WRUHVSHFWLYHO\+RZHYHUIRUWKHVWXEERUQFORJWKHSHUIRUPDQFHKDVGURSSHGWUHPHQGRXVO\$VPHQWLRQHGHDUOLHUWKLV
SURMHFW LV OLPLWHG WRFOHDQVRIWFORJRQO\7KXV WKH UHVXOWVFDQEHFRQVLGHUHGDVDQ LQLWLDO DWWHPSWDQGFDQEHXVHG IRU IXUWKHU
LPSURYHPHQW  
&RQFOXVLRQDQG5HFRPPHQGDWLRQV
$V D FRQFOXVLRQ WKH FOHDQLQJ GHYLFH KDV EHHQ VXFFHVVIXOO\ GHYHORSHG 7KH GHYLFH KDV SURYHQ WR EH DEOH WR FOHDQ VRIW WR
PRGHUDWH OHYHO RI EORFNDJH HIILFLHQWO\ 7KHUHIRUH WKH GHYLFH LV VXLWDEOH WR EH XVHG IRU URXWLQH FOHDQLQJ SURFHVV ,Q RUGHU WR
LPSURYHWKHIXQFWLRQRIWKHGHYLFHWKHUHDUHDQXPEHURIUHFRPPHQGDWLRQVEHLQJSURSRVHG+LJKHUWRUTXHLVQHHGHGVRWKDWWKH
GHYLFH FDQ RYHUFRPH WKH VWXEERUQ FORJ 7KHUHIRUH PRWRU ZLWK KLJKHU WKDQ FXUUHQW WRUTXH DQG KHDY\ GXW\ PRWRU FDQ EH
FRQVLGHUHG%HVLGHVWKDWIDEULFDWLRQDQGDVVHPEO\RIWKHGHYLFHKDVWREHLPSURYHGLQRUGHUWRPDNHLWZDWHUSURRIDQGUREXVW
)RUWKHIXWXUHZRUNWKHSURWRW\SHSHUIRUPDQFHZLOOEHFRPSDUHGZLWKRWKHUHVWDEOLVKHGSURGXFWV
$FNQRZOHGJHPHQWV
7KLV SURMHFW LV IXQGHG E\ 6PDOO *UDQW 6FKHPH 8QLYHUVLWL 0DOD\VLD 6DUDZDN )6 7KH DXWKRUV DOVR
ZRXOG OLNH WR WKDQN WKH 'HSDUWPHQW RI 0HFKDQLFDO DQG 0DQXIDFWXULQJ (QJLQHHULQJ DQG 81,0$6 IRU WKHLU VXSSRUW DQG
FRRSHUDWLRQ

5HIHUHQFHV
 0*D//-*DJOLDUGL³ZDWHUV\VWHPV3LSLQJ´3LSLQJKDQGERRNYROSDUW&QR3LSLQJV\VWHP


&ROOLQV0'UDLQYDOYHDQGSLSHEORFNDJHFOHDULQJGHYLFH
'6-'(OOLVRQ,QYHVWLJDWLRQRI3LSH&OHDQLQJ0HWKRGSS
(QQHU)5ROOLQVRQ'DQG&KRVHW+0RWLRQ(VWLPDWLRQRI6QDNH5RERWVLQ6WUDLJKW3LSHV,(((,QWHUQDWLRQDO&RQIHUHQFHRQ5RERWLFVDQG$XWRPDWLRQ
SS
*('LHWHUDQG/&6FKPLGW(QJLQHHULQJ'HVLJQWK(GLWLRQ,QWHUQDWLRQDO(GLWLRQ0F*UDZ+LOO
6WUXQN&HQWUDOL]HG6HZHUDJH6\VWHPIRU.XFKLQJFLW\QGKWWSZZZVVGVDUDZDNJRYP\PRGXOHVZHESDJHSKS"LG 	PHQXBLG 	VXEBLG 
UHWULHYHGRQ1RYHPEHU
-5XWNRZVNLDQG/%³3\URO\VLVDQGFRPEXVWLRQSURGXFWVDQGWKHLUWR[LFLW\"´$FU\ORQLWULOHEXWDGLHQHVW\UHQHFRSRO\PHUV$%6YROSS

+HDWKODQG%9³$%65HF\FOLQJ´5HWULYHIURPKWWSZZZKHDWKODQGQODEVUHF\FOLQJKWPOUHWULYHGRQ-XO\
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
 
)LJVSHFLILFFRGLQJIRUFOHDQLQJRSHUDWLRQ
)LJIORZFKDUWIRUFOHDQLQJRSHUDWLRQ
8OWUDVRQLFVHQVRU
1\ORQFDEOHWLH
6KDIW
:DVKHU
+RXVLQJ
6HWXSPRWRURUGHU
)LJ3URWRW\SHRIFOHDQLQJGHYLFH WWDFKHGWRWKHURERW
